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COMPLETE SPEaFICATION. 
Production of Polymers of Vinylcydohexane. 



We, Badische Anilin- & Soda-Fabrik 
Aktiengesellschaft, a German Joint Stock 
Company, of Ludwigshafen/Khein, Ger- 
many, do hereby declare the invention, for 
5 which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in 
and by the following statement: — 
This invention relates to a process for the 

10 production of polymers of vinylcydohexane 
by hydrogenation of styrene polymers. 

It is known that by catalytic pressure 
hydrogenation at temperatures above 200' 
C. of polysQnrenes having molecular weights 

15 below 10,000 it is possible to convert them 
into polyvinylcyclohexanes the softening point 
of which is higher than that of the initial 
product In spite of the inexpensiveness of 
polystyrene, such hydrogenated polystyrenes 

20 have not hitherto achieved any technical 
importance because hydrogenation of the 
high molecular weight polystyrenes is 
attended by marked decrease in the mole- 
cular size so that very brittle polyvinylcyclo- 

25 hexanes are formed which are unsuitable 
as raw materials for plastics. 

It has been proposed to hydrogenate poly- 
styrene in the presence of unsupported nickel 
catalysts obtained by hydrogenating decom- 

30 position of nickel oxalate. Polystyrenes 
obtained by this method are however only 

partly hydrojenated 

[Price' 



It is also known that vinylcydohexane 
can be polymerized stereospecifically to high 
molecular weight substances. Identical sub- 
stances are obtained by hydrogenation of 
stereoregular poly-p-chlorostyrene. How- 
ever, such polyvinylcyclohexanes have a 
very high crystallite melting point. They 
therefore cannot be processed by the con- 
ventional methods for tiiermoplastic sub- 
stances and consequentiy are not suitable as 
raw materials for plastics. 

The object of the invention is to provide 
a process for the production of polymers of 
vinylcydohexane with molecular weights be- 
tween 10.000 and 2.000,000. 

This object is achieved by hydrogenat- 
ing a homopolymer, copolymer or graft 
polymer of styrene or a mixture of poly- 
mers containing polystyrene and having 
molecular weights between 10,000 and 
2,000,000 in the liquid phase, with hydrogen 
at temperatures between 50" and 270" C. 
and under pressure between 10 and 100 
atmospheres in the presence of supported 
catalysts which contain between 0.01 and 
95% by weight of metal of group VIII of 
the Periodic System with an atomic weight 
exceeding 58. 

The Periodic System referred to in this 
Specification is tiiat given in the "Handbook 
of Chemistry and Physics", 40tii Edition, 
pp. 448/9, 
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Polymers of vinylcyclohexaae prepared by 
the process according to the present inven- 
tion are distinguished from polymers of 
styrene by their higher thermal stability, 
5 aging resistance, and light resistance, lower 
density and hence increased economy with 
constant transparency. 

Soluble polymers of styrene, mcludmg 
homopolymers, copolymers and graft poly- 
10 mers, and also polymer mixtures contam- 
ing polystyrene and having molecular weights 
between 10,000 and 2.000,000 are suitable 
as initial materials for the process. The 
average molecular weight of the initial ma- 
16 terial may vary within wide limits and de- 
pends on the desired molecular weight of 
the vinylcyclohexane polymer. The mole- 
cular weight of the initial material is deter- 
mined to some extent by the requirement 
20 that the substance to be hydrogenated must 
either be present in molten form or be 
soluble in the solvent used at the reaction 
temperature. The molecular weight will be 
above 10,000 and not above 2,000,000. 
25 Vinylcyclohexane polymers having especi- 
ally valuable properties are obtained when 
the molecular weight of the initial material 
is within the range 50,000 to 1,000,000 and 
espedaUy between 150,000 and 800,000. 
30 The following may be given as examples 
of homopolymers of styrene: polystyrene 
prepared by thermal polymerization of 
styrene, polystyrene prepared by lomc poly- 
merization using alkali metals, and stereo- 
35 regular polystyrene obtainable for example 
by polymerization of styrene usmg alu* 
minum or aluminum alkyls and titamum 
halides. Polystyrene prepared with radical- 
forming substances in emulsion or suspen- 
40 sion is also suitable as initial material Ex- 
amples of components in copolymers are 
butadiene, isobutylene, vinyl toluene a- 
methylstyrene divmylbenzenes, ethylene, 
propylene, acrylic esters, methacryEc esters, 
45 vinyl esters, vinyl ethers, acrylomtnle, 
methacrylonitrile, N-vinylcarbazole; mixtures 
of the said polymers and /or copolymers 
may also be \ised. . 
EspeciaUy useful products are obtamea 
50 from copolymers of styrene with a-methyl- 
styrene and vinyl toluene, which contam at 
least 50% by weight of styrene m poly- 
merized form. . . . t . ■ T 
Hydrogenation of the miual matenal is 
55 carried out m the liquid phase. Thus either 
a melt of the polymer or a solution of the 
polymer may be treated with hydrogen. 

Suitable solvents are aUphatic and cyclo- 
aliphatic liydrocarbons; ahphatic and cyclo- 
60 adiphatic saturated ethers or mixtures there- 
of may however also be used. For example 
a mixture of cyclohexane and tetrahydro- 
furane has proved to be especiaHy suitable. 
Alcohols and aromatic hydrocarbons may 
65 be used in addition to the said solvents. 



For reasons of economy, the concenuu- 
tion of the inidal polymers in the solution 
should be as high as possible. It depends 
on the nature and the molecular weight of 
the initial material. If it is desired to keep 7W 
the polymer in solution in the cold, the con- 
centration is in general between 5 and 25 /o 
by weight One embodiment of the process 
according to this invention compnses add- 
in*^ to the polymer only sufficient solvent to /i> 
form a fiowable solution at the reaction 
temperature. SubstantiaUy smaller amounts 
of solvent, for example 10 to 300% of sol- 
vent with reference to the polymer, are 
then necessary depending on the nature of bu 
the polymer and solvent. 

The catalysts for the process are sup- 
ported catalysts which as active component 
contam a metal of group VIII of die Penodic 

System with an atomic weight between 58 8a 
and 196. Especially suitable are the naetals 
nickel, cobalt, ruthenium, rhodium. 
paUadium and platinum. Suitable earners 
are porous substances which are stable 
under the process conditions, and on winch 90 
the metals can be appHed in very fine dis- 
tribution, such as carbon, aluminum oxide, 
pumice, kieselguhr, silica gel and other 
porous siUcate materials. The supported 
catalysts contain between 0.01 and 95% 95 
advantageously between 0.1 and 85% by 
weight, of the active metal. Promoters, for 
example chromium, copper or manganese m 
the case of nickel and cobalt catalysts, are 
often advantageous to increase acuvity. 100 

The reaction temperature to be used de- 
pends on the catalyst. The range from 50 
to 270" C. is appHcable; the temperature 
range between 70^ and 180' C. is preferred. 
For example with nickel on alummum oxide 105 
it is advantageous to work at 160** to 170 
C with cobalt on silicate earners at 110 
to' 150" C, whereas for catalyst which con- 
tain 1% by weight of rhodium on aluminum 
oxide a temperature from 80' to 120 lio 
is suitable. , . , 

In prmdple the hydrogenation can be 
carried out at atmospheric pressure, but long 
residence periods favor degradation of the 
macromolecules. In order to achieve a 115 
satisfactory hydrogenation rate, increased 
pressure is chosen, for example between 10 
and 1000 atmospheres. The pressure range 
between 150 and 750 atmospheres is pre- 

ferred. . ^ u u -c 

The process may be earned out batcnwise 
or continuously. In batch operation, the 
reaction period is usually between I and 5 
hours. In a continuous system, the re- 
action period is considerably shorter; it is 125 
mfluenced by die size of tiie reaction vessel. 
For continuous operation, use may be made 
of the tricklmg system or the system where- 
by the reactants are introduced into the 
liquid phase from the bottom, both systems 130 



933,127 



3 



with rigidly arranged catalysts, or of a sys- 
tem with a suspended catalyst which may 
for example be recycled. The catalyst is 
separated from the solution after the hydro- 

5 genation and the polymer recovered from 
the solution, which may have been further 
purified in conventional manner, for example 
by precipitation b ymeans of precipitants or 
by separating the solvent by distillation. 

10 The full advantage of the process accord- 
ing to this invention is only achieved when 
all three double linkages of the aromatic 
nucleus are hydrogenated. When the initial 
material is only partly hydrogenated, the 

15 substances formed have softening points 
wliich as a rule are between that of the 
initial material and that of the hydrogenated 
polystyrene. Moreover, partially hydrogen- 
ated substances exhibit unsatisfactory trans- 

20 parency. 

There is no molecular degradation under 
the process conditions. The hydrogenated 
product has practically the same degree of 
polymerization as the initial material. 

25 The vinylcyclohexane polymers obtained 
in almost theoretical yields are excellent raw 
materials for plastics, whose Vicat dimen- 
sional stability under heat may reach 140** C. 
They may therefore be regarded as absolutely 

30 stable to boiling water. They exhibit in- 
creased stability as compared with poly- 
styrene also at a temperature above the 
softening point. They have the excellent 
transparency of the initial material. In the 

35 case of dull or cloudy polymer mixtures, 
transparency is usually increased by the 
hydrogenation. 

The above-mentioned properties make 
pure polyvinylcyclohexane suitable as a raw 

40 material for plastics for the production of 
completely transparent moulded articles hav- 
ing dimensional stability even at high tem- 
peratures. It is remarkable that the density 
is 0.94 to 0.95 which is much lower than 

45 that of polystyrene. The economy of poly- 
vinylcyclohexane as a raw material for 
plastics is thus higher than that of poly- 
styrene, 

Higer temperature resistance is also the 
50 characteristic property in the case of hydro- 
genated copolymers and graft polymers and 
also of polymer mixtures. 

The invention is illustrated by, but not 
limited to the following examples, in which 
55 parts are by weight. Molecular weights 
given are determined by light scattering 
measurement. Vicat dimensional stability 
under heat is measured according to DIN 
57.302. 

60 Example L 

50 parts of a polystyrene ("polystyrene 
IV", see H. Ohlinger, Polystyrot Springer- 
Verlag (1955), page 62) and having a mole- . 
cular weight of about 600.000 and a Vicat 



dimensional stability under heat of 90" C. 65 
is dissolved in a mixture of 100 parts of 
tetrahydrofurane and 1200 parts of cyclo- 
hexane and hydrogenated in tiic presence of 
50 parts of a catalyst containing 75% of 
nickel and 25% of kieselguhr at 165* C, and 70 
200 atmospheres hydrogen pressure for four 
hours. The catalyst is then filtered oS. from 
the polymer solution, the solution concen- 
trated to a polymer content of 20% and the 
polymer precipitated in twice the volume of 75 
methanol. The precipitated polyvinylcyclo- 
hexane is filtered off by suction and dried at 
105° C. in a drying cabinet 51 parts of 
polyvinylcyclohexane is obtained having a 
molecular weight of about 610,000 and a 80 
Vicat dimensional stability under heat of 
138" C. Analysis of this polyvinylcyclo- 
hexane gives tiie following results: — 

C=87.2% H=12.7% 

A sample pressed into sheets is completely 85 
transparent. A density of 0.95 g/cc is de- 
termined on this sample. 

Example 2. 
50 parts of a styrene bulk polymer hav- 
ing a molecular weight of 300,000 and a 90 
Vicat dimensional stability under heat of 
90" C. is dissolved in a mixture of 100 
parts of tetrahydrofurane and 850 parts of 
cyclohexane and 50 parts of a powdered 
catalyst containing 1% of rhodium on alu- 95 
minum oxide is added. The naixture is 
hydrogenated in an autoclave at 120" C. and 
a pressure of 300 atmospheres of hydrogen 
for three hours. After worlcmg up the pro- 
duct as described in Example 1, 52 parts 100 
of polyvinylcyclohexane is obtained having 
a molecular weight of 320,000 and a Vicat 
dimensional stability under heat of 135' C. 

Example 3. 
50 parts of a polystyrene prepared by 105 
suspension polymerization mih a molecular 
weight of 300,000 and a Vicat dimensional 
stability under heat of 100' C. is dissolved 
in a mixture of 100 parts of tetrahydro- 
furane and 850 parts of cyclohexane, a cata- 110 
lyst consisting of 75% of nickel and 25% 
of kieselguhr is added and hydrogenation 
effected for three hours at 1'60* C. and a 
hydrogen pressure of 200 atmospheres. 
After working up the product in t& way 115 
described in Example 1, 49 parts of a poly- 
^dnylcyclohexane is obtained having a mole- 
cular weight of 300,000 and a Vicat dimen- 
sional stability under heat of 135" C. A 
density of 0.95 g/cc is determined. 120 

Example 4. 
50 parts of polystyrene prepared by emul- 
sion polymerization and having a Vicat 
dimensional stability under heat of 100* C. 
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and a molecular weight of about 800,000 
is disolved in a mixture of 150 parts ot 
tetrahydrofuranc and 900 parts of cyclo- 
hexane. and 50 parts of a powdered camlyst 
5 containing 10% of nickel and 0.1% of 
rhodium on aluminium oxide IS addea. ine 
mixture is hydrogenated for four hours at 
160" C and a hydrogen pressure of 200 
atmospheres. After the product has been 
10 worked up in the way described in Example 
1 51 parts of polyvinylcyclohexane is ob- 
tained which has a Vicat dimensional 
stability under heat of 135" C. 

Example 5. 

15 15 parts of the styrene bulk polymer des- 
cribed in Example 2 is dissolved m 30J 
parts of cyclohexane and 20 parts of a 
powdered catalyst consisting of 100 parts 
of nickel, 20 parts of manganese, 10 parts 

20 of aluminum oxide and 15 parts of kiesel- 
guhr is added. The mixture is hydrogenated 
L an autoclave at 130" C. and a hydrogen 
pressure of 200 atmospheres for three hours. 
After the product has been worked up as 

25 described in Example 1. 15 parts of poly- 
vmylcyclohexane is obtained having a mole- 
cular weight of 300,000 and a \ricat dmen- 
sional stability under heat of 137 U 
Analysis of the polyvinylcyclohexane gives 

30 the following results: — 

C=8L1%' H=12.9% 

EXAMPLB 6, 

300 parts of the styrene bulk polymer 
described in Example 2 is dissloved m a 

35 mixture of 350 parts of cycloh®^^ 
350 parts of decahydronaphthalene and 7U 
parts of a powdered catalyst consisting of 
100 parts of cobalt. 15 parts of manganese, 
10 parts of copper and 110 parts of kiesel- 

40 fiuhr is added. The mixture is hydrogenated 
iR an autoclave at 150" C and a hydrogen 
pressure of 100 atmospheres for six hours. 
The reaction product is diluted with tetra- 
hydrofurane to a polymer content of about 

45 15% The catalyst is filtered off from the 
polymer solution and the polymer precipit- 
ated in twice the volume of methanol The 
precipitate is worked up as described m 
Example 1 and 314 parts of polyvinylcyclo- 
hexane is obtained having a molecular weigJit 
50 of 330,000 and a Vicat dimensional stability 
under heat of 136" C. Analysis of tins 
polyvinylcyclohexane gives the foUowmg 
, results: — 



65 
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C^%72% H=12.8% 



Example 7. 
300 parts of the styrene bulk polymer 
described in Example 2 is dissolved m 700 
parts of cyclohexane and 70 parts of a 
powdered catalyst consisting of 100 parts of 



cobalt, 15 parts of manganese. 10 parts of 
copper, 2.5 parts of cerium oxide and 110 
parts of kieselguhr is added. The mucture 
is hydrogenated in an autoclave at 140" C, 
and a hydrogen pressure of 200 atmospheres 65 
for 3J hours. The reaction product is di- 
luted with tetrahj'drofurane to a polymer 
content of about 15%. Catalyst is then 
filtered off from the polymer solution and 
the polymer precipitated in twice the volume tO 
of methanol. The precipitate is worked up 
as described in Example 1 and 315 parts of 
nolyvmylcyclohexane is obtained. The 
molecular weight is 310,000 and the Vicat _ 
softening point is 133" C. 

Example 8. 
15 parts of a polystyrene contaimng 10% 
of polybutadiene is dissolved in a mixture 
of 255 parts of cyclohexane and 30 parts of 
benzene, and 10 parts of a powdered cata- SO 
lyst containing 1% of rhodium on aluminum 
oxide is added. The mixture is hychro- 
genated in an autoclave at 120" C. and a 
hydrogen pressure of 200 atmospheres for 
four hours. The product is worked up as So 
described in Example 1 and 13 parts of a 
polymeric hydrogenation product is obtauied 
which has a Vicat dimensional stability under 
heat of 133" C. 

Example 9, , 00 

12 parts of the polystyrene described m 
Example 2 is dissolved in 388 parts of 
cyclohexane. 50 parts of the catalyst des- 
cribed in Example 6 is added. The mixture 
is hydrogenated for eleven hours at 150" C. 9d 
and a hydrogen pressure of 20 atmospheres. 
The product is worked up as described m 
Example 1 and 11 parts of a polyvinylcyclo- 
hexane obtained whose Vicat dimensional 
stabiUty under heat is 139" C. Analysis 100 
of this product gives the following results: 

C=86.9% H=12.9% 

Example 10. 
50 parts of a copolymer containing 75% 
of styrene and 25% of a-methylstyrene and 105 
having a Vicat dimensional stability under 
heat of 102" C is dissolved in 950 parts of 
cyclohexane and hydrogenated for 2i hours 
in an autoclave at 150" C. and a hydrogen 
pressure of 200 atmospheres in the presence 110 
of 50 parts of the catalyst described in Ex- 
ample 6. The product is worked up as des- 
cribed in Example 1 and 48 parts of hydro- 
genated polymer is obtained having a Vicat 
dimensional stability under heat of 151" C. 115 

Example 11. 
375 parts of tlie polystyrene described in 
Example 2 is intimately mixed with 125 
parts of decahydronaphthalene and 100 parts 120 
of the catalyst described in Example 6 and 
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the mixture hydrogeBated for four hours in 
an autoclave at 160° C, and a hydrogen pres- 
sure of 200 atmospheres. The reaction pro- 
duct is worked up as described in Example 
5 6. A polyvinylcyclohexane having a Vicat 
dimensional stability under heat of 136' C. 
and a molecular weig^it of 300.000 is obtained 
in almost quantitative yield. Analysis of 
this polymer gives the following results: — 

10 C=87.0% H=12.8% 

WHAT WE CLAIM IS:— 
1. A process for the production of vinyl- 
cyclohexane polymers having molecular 
weights of between 10,000 and 2,000.000, 

16 wherein a homopolymer, copolymer or graft 
polymer of styrene or a mixture of poly- 
mers containing polystyrene and having 
molecular weights of between 10,000 and 
2,000,000 is hydrogenated in liquid phase 

20 with hydrogen at temperatures between 50" 
and 270' C. and nnder a pressure between 
10 and 1000 atmospheres in the presence of 



a supported catalyst which contains between 
0,01 and 95% by weight of a meal of group 
Vm of the Periodic System with an atomic 
weight exceeding 58. 

2. A process as claimed in Claim 1 in 
which the hydrogenation is carried out at a 
temperature between 70* and 150* C. 

3. A process as claimed in Claims 1 
and 2, wherein the hydrogenation is carried 
out at a pressure between 150 and 750 
atmospheres. 

4. The process for the production of 
vinylcyclohexane polymers substantially as 
described in any of die foregoing examples. 

5. Vinylcyclohexane polymers when ob- 
tained by the process claimed in any of 
Claims 1 to 4. 

J. Y. & G. W. JOHNSON. 
Fumival House, 
14—18 High Holbom, 

London, W.C.I, 
Chartered Patent Agents, 
Agents for the Applicants. 
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